The structures of the newanthraquinone antitumor antibiotic DC92-Band its photodegradation product DC92-D were determined by their spectral studies. DC92-B and D are pluramycin antibiotics, related to hedamycin which possess a characteristic ring F and a side chain containing a c/s-epoxide and terminal dimethyl.
The structures of the newanthraquinone antitumor antibiotic DC92-Band its photodegradation product DC92-D were determined by their spectral studies. DC92-B and D are pluramycin antibiotics, related to hedamycin which possess a characteristic ring F and a side chain containing a c/s-epoxide and terminal dimethyl.
DC92-B (1) and DC92-D (2) were isolated from the culture broth ofActinomadura sd. DO92.1} and 2 was also obtained by photodegradation of 1. They are active against P388 leukemia and sarcoma 1 80 in mice and against Gram-positive bacteria. We wish to report their anthraquinone structures possessing a characteristic ring F and a side chain in this paper.
Physico-chemical properties of DC92-B (1) and DC92-D (2) are summarized in Table 1 . 1 and 2 were orange and dark red powders, respectively, and soluble in chloroform, MeOH,acetone and EtOAc but insoluble in water and w-hexane. 1 and 2 were labile under basic conditions and daylight. Although 1 and 2 were adsorbed on usual reversed phase supports such as C-18, C-8, C-2 and CNsilica gel, separation and purification of 1, 2 and their derivatives could be performed in the dark with a rapid treatment of silica gel centrifugal chromatography using organic eluent containing cone NH4OHor with HPLCusing aminopropyl silica gel column. SI-MS of 1 and 2 showed pseudo-molecular ion peaks (M+ 1), (M +2) and (M+ 3), characteristic of quinone compounds.20 The IR and UVspectra of them closely resembled those of pluramycin antibiotics. 1H and 13C NMRdata of 1 were shown in Tables 2 and 3 , respectively, compared with hedamycin.3) Both spectra were extremely similar to each other except for the side chain moiety and ring F, implying that ring A through E of 1 is identical with that of hedamycin. DC92-D (2) is found to be different from 1 only in the ring E structure by the comparison of AHand 13C NMRspectra (detail is described in the later paragraph). The structure analyses of side chain moiety and ring F were performed using both data of 1 and 2.
Structure of the Side Chain It is known in pluramycin antibiotics that extension of conjugation from the pyrone ring (ring A) into the olefin side chain at C-2 causes a red shift by 5~6nmaround 270nmin UVspectrum,3A) and in the IR spectrum, lowers the frequency of the pyrone carbonyl group, resulting in a broad absorption band together with the absorption of olefinic double bond and the quinone carbonyls in the region of 1650~1600 cm" *.3) In the comparison of UV and IR spectra of 2, hedamycin and kidamycin, 2 exhibited NO. 5 THE JOURNAL OF ANTIBIOTICS 487 a UVabsorption band at 264nmwhich is same as that ofhedamycin but shorter by 6 nm in wave length than that of kidamycin (Table 4) . Compound 2 also
showed two clear absorption bands of carbonyl groups as in the case of hedamycin but not kidamycin (Fig. 3) . These results suggested that 2, like hedamycin, does not have a double bond at an adjacent position of C-2.
In the NMRspectra of 2, two methine protons coupled to each other ( -åº Long range coupling.
bonded to C-2 of ring A (Fig. 4) . Similar long range couplings were observed in the correlation via long range coupling (COLOC) experiment of 1 (Fig. 5) . Thus the side chain structure consisted of two epoxides having a terminal dimethyl group. The geometry of epoxides was determined as 14-cis, 1 6-trans-oid from the observation ofNOEbetween dimethyl group found in C-2 side chain are the first example among the pluramycin antibiotics. Structure of Ring E Ring E of 1 is suggested to be identical with that of hedamycin from the comparison of their *H and 1 3C NMRspectra (Tables 2 and 3 , respectively) as described above. Spin decoupling and COLOCexperiment of 1 (Fig. 5) Arrangement of all protons through 2'-methyl to 5'-H in ring E of 2 was determined by the *H NMR and decoupling experiments. 6'-H and one proton of 5'-H observed in AHNMRof 1 were absent in thê NMRof 2 and shift of the other proton of 5'-H to low field was observed. Corresponding to the *H NMRbehavior, sp2 carbon signals ofC-5' and C-6' in 1 changed to sp3 ones in 13C NMRof2. An long range selective proton decoupling spectrum (LSPD) experiment with 2 exhibited long range coupling between 5'-H and C-8, and 9-H and C-6' which also long range coupled with 5'-H. These facts suggested the existence of double bond at 5'. The position of the Af-dimethyl group was confirmed to be 4' by LSPD experiment of 2. The hydroxy group was confirmed to be located at 3' by the low field shift of 3'-H in its acetate (3) (Fig. 7) . 2' through 4'-H were found to take all trans-di&xial arrangement from the coupling constants amongthem.
Structure of Ring F JH NMRdata of ring F of 2 exhibited two tertiary methyl, one dimethylamino group, and one methine substituted by oxygen which coupled with one methylene. lH NMR data also showed one isolated methine which was demonstrated to be bonded to hydroxy group by the low field shift in its acetate (3) . 13CNMRsuggested the existence of additional two quaternary carbons.
LSPDexperiment of 2 exhibited long range coupling between 6"-H and C-9 and C-l 1 of ring D, and 5"-H and C-6" and C-10, suggesting the arrangement of methine and methylene at positions 6" and 5", respectively, and the bonding position of ring F to ring D to be at 10. In COLOCexperiment of 1, long range couplings between one tertiary methyl (3 1.12) and C-3", C-4" and C-5", and between aminomethyl and C-4" were observed, suggesting the presence of a tertiary carbon substituted by one methyl and one dimethyl amino group at 4", and an adjacent 3"-hydroxymethine. Other long range couplings were observed between a second tertiary methyl (S 1.59) and C-2" and C-3", and 3"-H and C-2", that revealed a tertiary carbon substituted by one methyl and the remaining hydroxy group. The chemical shift ofC-2" at 5C 100.0 was consistent with its hemiketal structure. The conformation of ring F was demonstrated by a NOESYexperiment with 1 (Fig. 6 ). NOEbetween 3"-H and one of the 5"-H revealed they were trans-diaxial protons, respectively. NOEbetween 4"-7V-dimethyl and 6"-H (which was considered to be an axial proton by its large coupling constant) and between 4"-methyl and each 3"-H and equatorial 5"-H implied 4"-dimethylamino group was axial and the 4"-methyl group equatorial. Furthermore, observation of NOEbetween 2"-methyl and 3"-H revealed the 2"-methyl group is equatorial. Thus the structure of ring F containing hemiketal moiety was confirmed as shown in Fig.  6 , which is the same configuration as hedamycin except for the 2"-hydroxy group but takes Cl chair conformation that is different from hedamycin, kidamycin (twisted form) and isokidamycin (1C chair form).6)
Conclusion
Structures of 1 and 2 were determined as shown in Fig. 1 . Their characteristic feature is in the C-2 side chain containing ds-epoxide and terminal dimethyl groups, and in the ring F possessing a unique hemiketal structure. DC92-D (2) was obtained by irradiation in the daylight and thought to be an artifact. Similar photooxidation from hedamycin to photohedamycin A and from kidamycin to photokidamycin A has been reported by Fredenhagen and Sequin.7)
Experimental *H and 13C NMRspectra were recorded on Jeol JNMFX100and Bruker AM400spectrometers with TMS(Oppm) as an internal standard. Mass spectra were measured on a Hitachi M-80Bmass spectrometer. IR spectra were obtained using a Shimadzu IR-27G spectrometer. UVspectra were measured on Hitachi 200-20 spectrometer. Optical rotations were measured with a Perkin-Elmer 141 polarimeter. MP's were taken with a Yanagimotomelting point apparatus and were uncorrected. TLCwas performed on pre-coated plates, Merck Kieselgel 60F254 and HPTLC NH2 F254 visualized by UV (254nm). HPLC was accomplished using a column of YMC-Pack NH2 (YMC Co.). Centrifugal chromatography (Chromatotron, Harrison Research) was done on plates, Merck Kieselgel 60PF254.
Acetylation of DC92-D Acetic anhydride was added to a solution of 2 (12 mg) in pyridine (1 ml), and the solution was stirred for 5 hours at room temperature. Water (0.5 ml) was added to the reaction mixture and it was allowed to stand for 30 minutes at room temperature. The solution was diluted with EtOAc and washed with water, dil HC1, NaHCO3 solution and satd NaCl. EtOAcsolution was dried over magnesium sulfate and evaporated in vacuo. The residue was chromatographed on a silica gel column eluted with CHC13-MeOH,(20 : 1) to give 2 acetate (4, 5mg).
Photooxidation of DC92-B
A solution of 1 (80mg) in MeOH(20ml) was stirred for 1 hour under daylight. The reaction mixture was evaporated and the residue was subjected to silica gel centrifugal chromatography eluted by CHC13 satd by ammonia-MeOH(10 : 1) to give 2 (13mg) and 1 (46mg) as recovered starting material.
